Objectives: To determine the association of napping intention, frequency, and duration with cognition in a nationally-representative sample of US older adults. Results: After adjustment for potential confounders, unintentional nappers had poorer immediate word recall test performance than non-nappers (B = −0.23, P < 0.01) and intentional nappers (B = −0.26, P < 0.01). After further adjustment for daytime sleepiness, frequent nappers reported poorer self-rated memory than nonnappers (B = 0.14, P < 0.05). Compared with short nappers, long nappers had poorer IWR (B = −0.26, P < 0.05) and CDT scores (B = −0.17, P < 0.05). Except for the association of nap duration with IWR and CDT, these associations remained after excluding participants with dementia and/or proxy respondents. Among participants undiagnosed with dementia or proxies, moderate-duration naps were associated with better DWR than short naps (B = 0.24, P < 0.05). Neither napping intentionality nor frequency was associated with CDT performance.
identify those at risk for cognitive decline and dementia to enhance care planning. Additionally, there are no treatments with a meaningful effect on the dementia course, necessitating the identification of modifiable risk factors that can be manipulated to prevent dementia onset or slow its progression.
A growing body of studies suggests an association of disturbed sleep with an increased risk of cognitive decline and dementia, 4 but less attention has been paid to napping. Up to 49% of older adults report regular napping, and this increases with age. [5] [6] [7] Interestingly, both positive and negative associations have emerged between napping and cognitive performance. For example, an observational study found that, compared with older adults who did not nap, those reporting any napping or napping ≥60 minutes had a decreased risk of decline, as determined by Mini-Mental State Exam scores. 8 In laboratory-based experiments, napping was associated with improved reaction time, 9 Stroop performance, and logical reasoning among older adults. 10 However, among older adults, studies using actigraphy have found links between longer naps and poorer cognitive performance, 11, 12 and reports of unintentional naps have been linked to greater deficits in attention and concentration, temporal orientation, and delayed recall in unadjusted results. 6 The mixed evidence linking napping and cognition may be partially attributable to the use of limited measures of napping, such as binary measures of napping (yes/no) or nap duration. 8, 11, 13, 14 Napping, however, can vary by frequency, duration, timing, and intentionality, which these coarser measures do not capture. Napping intention is important to study because intentional naps are qualitatively different from unintentional naps. The latter are presumably due to excessive daytime sleepiness (EDS), 15 which can be due to insufficient or otherwise disturbed sleep. On the other hand, intentional naps may simply be taken for pleasure. Further research is needed to determine whether distinct dimensions of napping influence, or are an indicator of, health among older adults. Indeed, napping may be a modifiable behavior that could be leveraged to improve cognitive outcomes among older adults, 8 or to identify those at higher risk for cognitive decline. To begin to investigate this possibility, we studied the crosssectional association of napping frequency, intention, and duration with cognitive outcomes in a nationally representative sample of community-dwelling older adults in the United States.
2 | METHODS
| Participants
Participants were enrolled in the National Health and Aging Study (NHATS), a representative sample of US Medicare beneficiaries aged ≥65 years. 16 We combined data from these Rounds, yielding 2908 participants with napping data. When participants were not able to respond to NHATS study questions due to illness, disability, or a language barrier, a proxy respondent answered study questions for them. However, when Participants responded to items concerning past-month napping. One item asked, "… how often did you take naps during the day?"
(responses: "never," "rarely," "some days," "most days," "every day").
We coded participants who never or rarely napped as "non-nappers,"
those who napped some days as "infrequent" nappers, and those who napped most days or every day as "frequent" nappers.
Participants who reported napping more than "never" were asked additional nap-related questions. The first was, "On average, how long were these naps?". We categorized participants by nap duration:
≤30 minutes (short), 31 to 60 minutes (moderate), or > 60 minutes (long). The second question was, "In general, were these naps planned, or did you fall asleep without meaning to?" Response options were "naps planned," "fell asleep without meaning to," "both (some planned/some not)." We classified participants reporting "both" or "fell asleep without meaning to" as "unintentional" nappers, and those reporting planned naps only as "intentional" nappers. We did not analyze duration and intention data for participants who reported napping "rarely."
Key points
• Among community-dwelling older adults in the United
States, unintentional, frequent, and longer naps were independently associated with poorer performance on cognitive tests or poorer self-rated memory.
• In this population, napping may have utility in the clinical setting as a marker for those who are at greater risk for neurodegeneration.
• This research on napping in older adults is important,
given the need to identify those at higher risk for dementia, facilitate care planning, and potentially prevent or slow progression of cognitive decline.
• Although most associations between napping and cognition remained after the exclusion of those with dementia and/or proxy respondents, some findings attenuated or became non-significant. Additionally, moderate-duration naps were associated with better performance on a test of verbal memory, but only among those without a dementia diagnosis and/or a proxy respondent.
| Daytime sleepiness
Participants were asked, "In the last month, how often did you have trouble staying awake at times during the day when you wanted to be awake?"
(responses: "never," "rarely," "some days," "most days," or "every day").
| Nighttime sleep duration
Participants were asked, "In the last month, how many hours of actual sleep did you usually get at night?" Participants who were unable to provide usual nighttime sleep duration because they didn't have a usual sleep duration (their sleep duration varied from night to night) did not receive a numeric value for hours of usual sleep. Therefore, these participants (n = 53) were excluded from sleep duration analyses.
| Use of medication for sleep
Participants were asked, "In the last month, how often did you take medication to help you sleep?" (responses: "never," "rarely," "some nights," "most nights," "every night"). 
| Clock drawing test
Participants completed the Clock Drawing Test (CDT) during the NHATS interview. The CDT measures executive function and visuospatial ability. Participants were allotted 2 minutes to draw a clock with the hands pointing to "10 after 11." Drawings were scored from 0 ("not recognizable as a clock") to 5 ("accurate depiction of a clock") using standardized criteria. 18 2.3.3 | Self-rated memory
Participants were asked, "How would you rate your memory at the present time?" with response options: 1 ("excellent"), 2 ("very good"), 3 ("good"), 4 ("fair"), or 5 ("poor"). 19 We categorized participants by the number of the following medical conditions they reported being told they have by a health care provider (0 or 1, 2, 3, 4+): heart attack; heart disease; high blood pressure; arthritis; osteoporosis; diabetes; stroke; dementia or Alzheimer's disease (AD); and cancer. Depressive and anxiety symptoms were measured by the Patient Health Questionnaire (PHQ-2) and the Generalized Anxiety Disorder (GAD-2), respectively. 20 These are both two-item measures;
| Demographics and health characteristics
responses range from 0 to 3 per item. We summed responses to obtain a score (range 0 to 6 for each measure).
| Statistical analyses
We categorized participants by napping type: non-nappers, intentional, and unintentional nappers, and compared their characteristics using chi-square tests (categorical variables) and simple linear regression (continuous variables). IWR, DWR, and CDT scores, as well as selfrated memory, were analyzed as continuous variables. Higher scores indicated poorer self-rated memory. Covariates were added to our models based on a priori knowledge of their roles as potential confounders or on empirical evidence from our data (association with at least one predictor and one outcome at the P < 0.05 level). We fit three sets of multiple linear regression models to examine the association of napping intention, frequency, and duration (predictors) with cognitive tests performance and self-rated memory (outcomes). participants who reported napping more than rarely, we also explored whether napping characteristics were effect modifiers by fitting models that included the following interaction terms: napping intention*napping frequency, napping intention*nap duration, and nap duration*nap frequency. We performed stratified analyses for any interaction terms with a Wald test P-value < 0.10. We selected an alpha level < 0.05 for statistical significance in all other analyses.
We applied survey weights, which accounted for stratification and clustering resulting from the study design. Analyses were performed using Stata version 15.0 (StataCorp, College Station, TX).
| RESULTS
Participant characteristics by napping type are described in Table 1 .
Overall, 48.3% of participants were non-nappers, 23.3% took intentional naps only, and 28.4% took unintentional naps. Napping type was significantly associated with age, gender, race, education, BMI, PHQ-2, GAD-2, and number of medical conditions (all P's < 0.05). intention was associated with napping frequency (P < 0.01) and average nap duration (P < 0.05). Napping type was associated with nighttime sleep duration and DS (both P < 0.01), but not sleep medication use (P = 0.27). On
CDT and self-rated memory scores were 3.8 ± 0.03 and 2.7 ± 0.02, respectively.
3.1 | Napping characteristics and cognition
| Intention
In Model 1 and Model 2, unintentional nappers had lower scores on the IWR test than non-nappers and intentional nappers ( Table 2) .
After excluding participants with dementia and/or proxies (Model 3), unintentional nappers still had lower IWR scores than non-nappers (Table 4) . 
| Interactions of napping characteristics
When IWR test was the outcome, there were trend-level and significant napping intention*duration interaction terms in Models 2 + DS (P = 0.098) and 3 + DS (P < 0.05). After stratifying by napping intention, long nap duration was associated with poorer performance on IWR among intentional nappers, but not unintentional nappers (Table 5 ). There were no other significant or near-significant interactions between napping characteristics and cognitive outcomes. nappers, long nap duration was associated with poorer IWR performance when those with a dementia diagnosis and/or proxies were included in the sample. After excluding participants with a dementia diagnosis and/or proxies, some results changed. For instance, long naps were no longer associated with lower CDT scores after excluding participants with dementia or proxies. Additionally, moderate-duration naps were associated with better DWR test scores compared with non-nappers, but only after participants with dementia or proxies were excluded. Overall, our findings suggest that, among older adults, unintentional, frequent, and longer naps are associated with poorer verbal memory performance or poorer self-rated memory, and that these associations are independent of demographic characteristics, mental and physical health status, and relevant sleep characteristics.
The attenuation and loss of some findings after excluding participants with dementia and/or proxies suggest that some of the association between napping and cognition in community-dwelling older adults is due to brain changes associated with dementia. However, most findings remained significant after excluding these participants. Thus, napping may be a marker of risk for preclinical neurodegeneration or of neurodegeneration itself, and perhaps even a contributor to cognitive decline.
By examining the relationship of napping intentionality with cognitive function, our study extends prior research that has largely focused on nap duration or frequency. Our findings are consistent with results indicating that older adults who took unintentional naps had greater cognitive deficits than non-nappers before accounting for other factors including sleep-related characteristics. 6 In our study, moderate-duration naps were linked to better DWR scores, but only among those who had not reported being diagnosed with dementia and did not have proxies. These findings partially support lab-based studies that have found napping to have positive benefits on cognitive function in healthy older adults. 9, 10, 21 However, our findings primarily link naps to poorer cognitive performance. Importantly, in laboratory settings, nap duration can be controlled, and lab-based studies had small samples of healthy older adults, rather than community-based samples with greater medical morbidity. To a degree, our results are also in line with studies linking moderate-duration naps (30-90 minutes) with better cognition 13 and improvements in cognition. 14 However, those studies tied moderate-duration naps to better performance on a combined score from three cognitive assessments.
Our study diverges from findings linking napping to decreased risk for cognitive decline. 8 However, conflicting findings may be due to measurement differences. For instance, a UK-based study found napping to be protective with respect to cognitive decline, but only included older adults who were cognitively unimpaired at baseline and did not examine napping intention or frequency 8 ; other studies in China only assessed afternoon (ie, post-lunch) nap duration.
13,14
When we explored interactions among napping characteristics, we found that, among intentional nappers, those who took long naps had lower IWR scores than short nappers, but there was no such association among unintentional nappers. Given our finding that unintentional napping is associated with poorer IWR compared with intentional napping, this suggests that unintentional naps are linked to poorer cognition regardless of duration, and that long intentional naps may be a marker of, or contributor to, poorer cognition among older adults.
There are multiple mechanisms that may explain the associations observed between napping and cognitive function. Napping is associated with greater risk for several medical conditions including type-II diabetes, 22, 23 incident cardiovascular disease, 24 and greater odds of obesity, 25 which are themselves associated with cognitive deficits. [26] [27] [28] [29] However, we adjusted for medical morbidity and still found an association between napping and cognition. It is possible that napping is a marker of risk for these diseases or preclinical disease, but further research in this domain is needed.
Napping, especially unintentional napping, has also been characterized as a marker of EDS, 15 raising the possibility that EDS drives the association between napping and cognitive performance.
Numerous studies have linked EDS to cognitive decline, [30] [31] [32] and those with EDS are more likely to be regular nappers. 5 Sleep-disordered breathing (SDB) is also prevalent among older people 33 and commonly causes DS. Although significant associations between napping characteristics and cognitive performance remained after adjusting for age, gender, self-reported BMI, and DS (risk factors for SDB), we cannot rule out the possibility that SDB is driving our results.
This is a limitation in light of evidence supporting SDB as a potential cause of mild cognitive impairment and dementia. 34 Alternatively, napping may be a marker of neurodegenerative disease. The onset of amyloid-beta deposition was associated with changes in sleep/wake patterns in an AD transgenic mouse model, 35 and amyloid-beta deposition has been linked to poorer sleep quality and shorter sleep duration in humans. 36 Moreover, reports of frequent napping have been tied to greater beta-amyloid burden measured in cerebrospinal fluid. 37 Sleep disturbances are believed to have a reciprocal link with the development of AD pathology, with sleep loss leading to amyloid-beta deposition and vice versa. 38 Although it is unclear how napping may increase brain amyloid-beta burden, it is feasible that preclinical AD increases napping, and accumulating evidence suggests SDB may promote amyloid deposition in humans. 39, 40 This study had multiple strengths. NHATS is a large, nationally representative study of Medicare beneficiaries in the United States, and contains measures that permitted analyses of various dimensions of napping behavior in relation to multiple cognitive functioning measures. The large sample also permitted adjustment for important confounders. However, this study had important limitations. We relied on individual items of self-report nap measures which may differ from results from objective measures of sleep (eg, actigraphy). 41 In addition, this study is our lack of adjustment for multiple comparisons of napping characteristics with cognitive function (ie, a higher probability of false positives). Subsequent studies are needed to confirm our findings. Finally, because this study is cross-sectional, we cannot draw inferences about a causal direction.
In summary, we found that napping intention, frequency, and duration are associated with performance on tests of verbal memory, executive function, or self-rated memory, independently of several potential confounders. Although statistically significant, the magnitude of the associations between each of our predictors and outcomes was small. However, our findings highlight napping as a potential marker of risk for cognitive decline, or a contributor to poor cognitive outcomes.
Prospective studies of napping are needed that use both self-report and objective sleep measures, such as actigraphy, to quantify napping frequency and duration and relate them to cognitive decline and AD biomarkers. Results from such studies could be leveraged to inform prevention efforts or develop prognostic tools that use sleep measures to anticipate cognitive trajectories.
